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ABSTRACT 


Yield  stresses  of  polycrystiilline  brass  tensile 
specimens  have  been  measured  at  and  -196°C,  The  grain 
siMS  of  the  specimens  wore  varied,  and  the  yield  strength  was 
found  to  obey  the  relation 

‘J'y  = 

where  d  is  the  average  grain  dianioter  and  <7"^  and  ky.  are  constants 
for  a  given  test  temperature  and  composition.  Both  temperature 
and  composition  have  been  varied,  and  the  dependence  of  CT^  and 

k  on  these  parameters  has  been  studied.  The  results  are  interpreted 

y  7  8 

as  being  consistent  with  the  theories,  of  Fetch  and  Cottrell,  on 

the  grain  size  dependence  of  yield  stress.  Since  k  is  practically 

independent  of  temperature  it  is  siiggested  that  the  dislocation 

locking,  which  is  theoretically  proportional  to  k^,  is  of  the 

Suzuki^  type  (i,e,  segregation  of  solute  to  stacking  faults). 

The  decrease  in  stacking  fault  energy  with  zinc  concentration  is 

thought  to  ^lave  an  important  bearing  on  operation  of  Suzuki 

locking, 

increasing  zinc  content  of  the  alloys.  This  is  thought  to  be 
a  result  of  a  tendency  towards  easy  glide  in  brass  polycrystals, 
which  may  bo  connected  with  the  wider  sep:iration  between  partial 
dislocations  and  the  decrease  in  stacking  fault  energy. 


Values  of  O  ^  are  found  to  decre-so  initially  with 


The  behaviour  of  a ^  and  ky  is  coraparod  with  work  on 
tho  spacing  of  slip  linos,  and  it  is  concluded  that  the  slip  line 
distribution  changes  as  a  direct  result  of  tho  operation  of  tho 
solution-hardening  mochanisn  which  dictates  the  values  of  k  , 

V 


1.  INTRODUCTION 


Dofomation  of  puro  metals  such  as  copper  has  boon 
shown  by  Kuhlnann-Wilsdorf^  to  result  in  tho  production  of  fino 
slip  linos  on  the  surf..co  of  a  tensile  specimen,  with  a  regular 
spacing  of  200-300A.  In  a-brass  deformation  is  comononly  observed 
to  result  in  deep,  randomly  and  widely  spaced  slip  lines.  Thus 
there  is  a  tendency  for  a  given  shear  in  a  puro  metal  to  bo  accomplished 
by  small  shears  on  a  largo  number  of  slip  plane sj  in  fact  on  all 
available  slip  pianos  for  a  given  system  since  Xulilraann*4'/ilsdorf2 
calculates  that  tho  spacing  200-30Cn  is  tho  miniroura  spacing  at  which 
dislocations  may  pass  each  other.  In  alloys  like  a-brass,  however, 
a  comparable  shear  takes  place  by  large  shears  on  a  few  randomly- 
spaced  slip  planes.  T1k3  change  in  spacing  of  slip  lines  with  zinc 
content  of  brass  has  boon  studied  in  detail  by  electron^nicrographs 
of  slip  lines,  and  a  short  summary  of  that  work  is  included  in  this 
report. 

This  change  in  slip  line  spacing  and  depth  is  thought  to 
be  a  direct  result  of  the  control  of  the  yield  stress  of  the  alloy  by 
some  mechaniam(s)  of  solid  solution-liardening.  The  mechanisms  which 
could  be  operative  in  a-hrass  are:  Cottrell  locking^,  Suzuki  locking^ 
Short-range -order  effects  as  described  by  Fisher^,  and  long-range- 
order^,  These  hardening  mechanisms  depend  on  the  parameters  of 
composition  and  temperature  in  different  ways.  Moreover,  some  of 
these  mechanisms  act  as  frictional  forces  on  dislocations,  and  others 
as  initial  locking  forces.  Fortunately  it  is  possible  to  separate 
these  two  types  of  hardening  using  a  tteory  developed  by  Petch^  and 
by  Cottrell®  to  describe  the  grain  size  dependence  of  the  yield 
stress  of  an  alloy.  The  measurements  described  below  are  of  the 
yield  stresses  of  specimens  of  different  grain  sizes,  which  allows 
separation  of  frictional  and  locking  forces.  Concentrations  of 

zinc  and  temperature  are  also  varied,  which  is  expected  to  help 
to  differentiate  between  the  types  of  locking  forces  and  so  decide 
which  is  operative, 

2,  EXPERDIENTAL  PROCEDURE 

Alloys  were  cast  from  O.F.K.C,  copper  and  99,995^  pure 
zinc  to  obtain  the  nominal  compositions  shown  in  table  I, 

Analyses  for  copper  were  made,  and  the  zinc  content,  obtained  by 
difference,  showed  that  the  compositions  were  close  to  those 
required. 
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TABLS  I 


Nominal  composition 
Vo  zinc 

Analysis  figure 
for  copper 

Zn56  by 
difference 

1 

98.8 

1.2 

2 

97.6 

2.4 

3 

96,7 

3.3 

4 

95.3 

4,7 

10 

89,2 

10,8 

15 

84.3 

15,7 

30 

69,5 

30.5 

37 

62.7 

37.3 

O.F.H.G. 

copper 

99.9 

- 

The  brasses  were  cast  as  4  in,  dianeter  billets,  forged 
at  800°C  to  slabs  6^  in.  x  1^  in,  thick  and  rolled  at  800”C  to 
slabs  1  in,  thick.  This  hot  working  was  sufficient  to  break 
down  the  cast  structure.  The  slabs  were  cold-rollei  to  give 
a  thickness  reduction  of  4055,  then  sliced  into  bars  and  turned 
to  roiind  rod  suitable  to  act  as  blanks  for  cylindrical  tensile 
specimens  of  the  standard  Hounsfield  no.Lj.  design,  l,e,  gauge 
length  1  in,,  gauge  diameter  -i-  in. 

To  obtain  a  suitable  range  of  grain  sizes  the  cold- 
worked  blanks  were  sealed  in  evacuated  silica  tubes  and  annealed 
in  a  closely  controlled  electric  furnace.  Since  the  volume 
was  restricted,  dezincification  was  alraost  non-existent,  and  as 
a  fvirther  precaution  the  gauge  length  was  machined  into  the  blank 
after  the  anneal  so  that  no  dozincified  surface  layer  co\ild  affect 
the  tensile  tests.  Fine  grain  sizes  were  obtained  by  anneals 
fl*ora  20  to  60  minutes  at  575°C,  and  other  grain  sizes  ly  20 
minutes  to  2  weeks  at  700OC,  The  very  short  anneals  at  7C)0°C 
were  not  capable  of  producing  a  suitalie  fino  grain  size. 


After  the  annealing  treatment,  gauge-lengths  were 
machined  into  the  blanks  and  the  gauge  lengths  were  ground  and 
polished  to  a  high  finish  in  order  to  remove  any  work-hardened 
surface  layer.  Grain  size  measurements  were  made  on  the 
polished  end  of  each  specimen,  by  the  line  intercept  method. 

Twin  boundaries  were  included  in  the  counts  since  there  is  only 
a  1  in  4  chance  of  any  particular  twin  boundary  being  the 
operative  slip  plane,  and  so  not  acting  as  a  barrier  to  dislocation 
movement  comparable  to  a  grain  boundary. 

Tensile  testing  was  carried  out  in  a  hard-beam  Polanyi 
type  machine,  stress  being  measured  strain-gauges  inside  a 
proving  ring,  A  continuous  record  of  load  versus  time  was  obtained 
and  the  yield  stress  determined  as  the  point  where  the  load-timo 
ctirve  deviated  from  a  straight  line.  No  difficulty  was  experienced 
in  assigning  a  value  to  this  point.  In  a  few  cases  where  an  upper 
and  lower  yield  stress  was  recorded,  the  lower  ^eld  stress  has 
bean  plotted.  Tests  at  room  temperature  (25°C;  were  undertaken 
with  no  special  control  of  temperature.  Tests  at  -19600  were 
carried  out  with  the  specimen  and  part  of  the  tensile  machine 
immersed  in  liquid  nitrogen.  In  tho  latter  case,  specimens 
were  placed  under  a  small  load  at  room  tomporaturo  in  order  to 
obtain  axial  loading.  The  specimens  wore  then  immersed  in 
liquid  nitrogen  and  left  until  rapid  boiling  ceased,  before  the 
test  was  stairted.  Pre-loading  at  room  temperature  prevents 
non-axial  loading  which  can  arise  due  to  icing-up  in  tho  ball- 
and-socket  joints  of  the  machine,  which  are  also  Lmmorsed  in 
liquid  nitrogen.  All  tonsilo  tests  were  carried  out  with  a 
constant  crosshead  speed  of  6,92  x  10"’  cm/rain  on  a  gauge  length 
of  2,50  cm, 

3.  RESULTS 

The  noasuI^3monts  are  sunraarizod  in  figure  1,  There 
it  is  seen  that  for  tho  pure  notal,  O.F,H,C,  copper,  there  is  no 
measurable  dependence  of  tho  yield  stress  on  grain  size;  moreover 
tho  tomporaturo  dependence  of  the  yiold  stress  is  small  since 
there  is  little  difference  in  stress  between  the  results  at  C 
and  -196°C,  There  is  little  significant  difference  between  tho 
copper  and  an  alloy  containing  1%  zinc,  though  there  is  a  suggestion 
of  a  little  grain  size  dopende^o  of  tho  yield  stress,  and  of  a 
decrease  in  the  intercept  at  d"z  =  0,  Figure  Ic  shows  a  significant 
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deparfcure  from  tha  bohaviour  of  copper  in  tliat  the  slope  of 
the  line  has  definitely  increased,  and  the  intercept  decreased. 

In  figures  Id,  le  and  If  this  trend  continues  and  confirms 
the  Insults  of  figures  lb  and  Ic,  In  figure  2a  tha  intercepts 
at  d"^  =  0  (i,o,  cTi)  plotted  against  the  zinc  contents  of 

the  alloys,  and  figure  2b  shows  a  similar  plot  for  the  slope 
of  tha  grain  size  dependence,  ky.  The  surprising  features 
of  these  results  are  that  decreases  initially  at  25°C  and 
reaches  a  constant  value  at  around  10^  zinc;  at  -196  C  there 
is  again  an  initial  decrease  of  CT with  increasing  zinc 
concentration,  followed  by  an  increase;  there  is  very  little 
temperature  dependence  of  ky  since  the  values  at  25°C  are  very 
close  to  those  at  -196°C, 

DISCUSSION  OF  RESULTS 

7  8 

Patch'  and  Cottrell  liave  described  the  grain-size 
dependence  of  tho  yield  stress  of  b,c,c,  metals  ly  the  equation: 

CTy  ss  +  ky  d"^ 

whore  (Ty  is  tho  lower  yield  stress,  O'i  interpreted  as  a 
frictional  force  opposing  the  movement  of  dislocations,  ky  is 
related  to  tho  stress  concentration  near  a  piled-up  group  of 
dislocations,  and  d  is  tte  average  grain  dianoter.  The  basic 
model  involved  is  that  propagation  of  slip  from  one  grain  to 
the  next  must  take  place  hy  tho  formation  of  a  piled-up  group 
of  dislocations  in  grain  A,  which  concentrates  tho  applied 
force  sufficiently  to  unpin  a  dislocation  sotirco,  in  grain  B, 
from  its  atmosphere  of  solute  atoms.  This  process  allows  plastic 
deformation  to  spread  across  grain  boundaries  which  act  as 
major  barriers  to  dislocation  raovonont.  The  equation  developed 
for  yielding  in  b,c,c,  metals  should  therefore  apply  to  any  metal 
where  yielding  takes  place  in  this  way.  The  experiments  of 
Cottrell  and  Ardley°  have  shown  that  yielding  in  a-brass  is 
sxnilar  to  yielding  in  a  stool;  noroovor  there  is  considerable 
evidence  for  tho  existence  of  pilod-up  groups  of  dislocations 
in  a-brass,^^»^* 
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Tho  behaviour  of  ky 

g 

Cottrell  writes: 

ky  =;  0  d  i  ^ 

where  (I'd  is  the  force  necessary  to  unlock  a  dislocation  from  a 
solute  atmosphere,  and  1  is  the  average  length  of  a  dislocation 
in  tho  network.  Thus  the  slope  ky  should  bo  directly  proportional 
to  the  unlocking  force.  Table  II  shows  tho  values  of  k^. 
measured  for  tho  brasses  in  comparison  with  values  for  other 
metals.  It  is  interesting  to  see  thi.'.t  copper  irradiated  with 
a  low  dose  of  neutrons  has  a  value  of  ky  vary  similar  to  a  y% 
zinc  brass, 

TABLE  II 


Metal 

ky  cgs. 

T  °C 

— 

Reference 

O.F,H,C,  copper 

•• 

25 

present 

«• 

-196 

work 

copper  with  low  neutron  dose 

0,08  X  108 

20 

12 

II  II  II  It  It 

0,08  X  10^ 

-196 

12 

copper  with  high  neutron  dose 

0.16  X  10® 

-196 

12 

1%  zinc  brass 

- 

25 

6.2 

present  work 

II  11 

-196 

7.0 

It  II 

3%  "  " 

0.09  X  10® 

25 

3.5 

II  It 

II  II 

0.12  X  10® 

-196 

5.0 

It  II 

1056  "  « 

0,21  X  10® 

25 

2,8 

It  11 

II  It 

0.23  X  10® 

-196 

5.4 

It  11 

15%  ”  " 

0,29  X  108 

25 

2.1 

It  It 

0,31  X  10® 

-196 

5.6 

II  II 

30^  n  II 

0.42  X  10“ 

25 

2.0 

II  II 

II  II 

0,H  X  1C° 

-196 

8,0 

II  II 

zinc  (99.995%) 

0.57  X  10^ 

-196 

13 

iron 

2,1  X  10® 

14 

magnesium 

0,85  X  10® 

14 

molybdenuin 

2,6  X  10® 

14 
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Figures  1  and  2b  would  therefore  tniggoat  that  the  locking  force 
increases  rapidly  in  tiia  brasses  from  1%  up  to  zinc,  and 
thereafter  it  continues  to  riso  linearly  with  the  concentration 
of  zinc,  gThis  behaviour  is  consistent  with  the  work  of  Cottrell 
and  Ardley^  who  found  initial  yield  drops  in  a-brass  single 
crystals  containing  1%  or  more  zinc.  Tlie  size  of  the  yield- 
drop  was  found  to  increase  with  zinc  concentration  up  to  3056 
zinc  in  the  work  of  those  authors,  and  this  nay  be  taken  as 
showing  in  a  qualitati^'o  \my  that  the  size  of  the  locking  fores 
is  increasing.  However,  it  is  intare sting  to  compare  this 
behaviour  with  the  concentration  dependence  of  the  Suzuki  effect 
as  shewn  in  figure  11  of  Suzidci's  article^-.  The  agreement 
between  his  curves  and  the  conconti’ation  dependence  of  ky  is 
quite  good.  Cottrell  and  Ardley^  explain  their  yield  drops 
in  terms  of  segregation  of  zinc  to  dislocations;  but  this  effect 
would  predict  a  steep  temperature  dooondence  of  ky.  Although 
the  results  of  Jamison  and  Sherrill^^  suggest  that  Cottrell 
locking  becomes  important  in  a-brass  below  -lOO^C,  the  small 
difference  between  tte  values  of  ky  measured  hero  at  25°C  and 
-196°C  suggest  that  it  is  at  -196°C  that  the  Cottrell  atmospheres 
are  first  becoming  important.  The  temperature  independence  of 
ky  nay  bo  reconciled  with  Cottrell's  interpretation  of  ky  if  the 
locking  mechanism  can  predict  a  tcrji?orature  independent  <r d, 
and  this  condition  is  fulfilled  by  Suzuki 's  theory  for  segregation 
of  zinc  to  stacking  faults  in  brass.  The  size  of  ky  is  in 
reasonable  agreement  with  both  the  Suzuki  and  Cottrell  theories 
since  with  1  =  10“4cn,  O'  ^  =  109  dynBs,  Also,  as  mentioned 
above,  the  concentration  dopondonce  of  ky  is  in  reasonable 
agreement  with  the  Suzuki  nochanisn.  The  hardening  obtednable 
by  both  long-range  and  stort-range  order  would  not  be  expected 
to  give  the  initial  rapid  rise  in  ky  with  zinc  content, 

Thou^  it  seems  probable  that  Suzuki  locking  controls  the  yield 
stresses  of  brass  polycrystals  over  most  of  the  tomperaturo 
range  25°C  to  -196°C,  it  sooms  unlikely  that  this  mechanism 
controls  the  flow  stress  in  the  region  of  jerky  flow  observed 
by  Cottrell  and  Ardlcy9,  and  noticed  in  some  of  those  polj’-crj'stalline 
specimens.  It  is  difficult  to  onvisago  the  rapid  segregation 
of  the  large  number  of  zinc  atoms  necessary  for  Suzuki  locking, 
and  so  the  serrated  stress-strain  curve  seoms  attributable  to 
Cottroll  atmospheres. 


It  is  suggQstQd  that  the  concentration  dependence 
and  the  temperature  independence  of  ky  is  evidence  of  the 
control  of  the  initial  yielding  of  brasses  with  more  than 
156  zinc,  in  the  temperature  range  25°C  to  -196°C,  by  Suzuki 
locking.  Evidence  for  this  has  also  been  presented  by  Hibbard 
and  co^orkors.^°»^'^* 


The  be^iaviour  of 


A  surprising  feature  of  figures  1  and  2a  is  that 
O" i  decreases  initially  with  increasing  zinc  content.  The 

value  for  copper  is  due  to  dislocation-dislocation  Interactions, 
impurity  precipitates  and  the  Peierls  force,  if  the  models 
of  Fetch  or  Cottrell  are  applied.  The  change  in  ^ i  with  zinc 
content  must  be  due  to  dislocation-dislocation  interactions,  or  the 
Peierls^  force,  and  the  former  seems  more  likely.  Since  figure  1 
shows  the  decrease  in  to  be  large  and  significant,  it  cannot 
be  neglected.  Addition  of  zinc  to  copper  results  in  a  rapid 
decrease  in  the  stacking-fault  energy  for  small  zinc  concentrations  , 
and  this,  in  turn,  must  incarease  the  area  of  stacking  fault  between 
partial  dislocations.  At  the 
extent  of  easy-glido  in  single 

the  phenomenon  of  ovorshoot^^  on  the  most  favourable  slip  system 
occurs,  and  ky  increases  steeply.  The  first  two  of  these  effects 
have  their  counterpart  in  polycrystalline  behaviour  since 
Hibbard^'  interprets  a  low  rate  of  work-hardening  in  brass 
polycrystals  as  evidence  of  easy  glide.  In  the  present  work  it 
was  noticeable  tliat  where  brass  specimens  with  a  large  grain 
size  yielded  at  a  lower  stress  than  a  copper  specimen  of  comparable 
grain  size,  the  initial  work-hardening  rate  was  considerably 
smaller  in  the  brass. 


same  low  zinc  concentrations  the 
crystals  is  considerably  extended}^ 


In  a  polycrystal  it  is  the  complicated  slip  behaviour 
near  the  grain  boundcoy  which  determines  the  yielding  ajid  also  the 
initial  work-hardening  rate.  In  the  copper  specimen  it  appears 
that  slip  on  at  least  two  slip  systems  imaodiatoly  occxxrs  in  the 
neighbourhood  of  the  grain  boundary  on  yioldingj  whereas  in  the 
brass  specimen  there  is  evidence  that  slip  occurs  prodominemtly 
first  on  a  single  slip  system.  If  some  dislocation  multiplication  gQ 
occurs  near  grain  boundaries  before  macroscopic  yielding  is  observed, 
the  decrease  in  CTi  with  zinc  content  can  be  a  result  of  a  smaller 
density  of  forest  dislocations  in  a  brass  specimen. 
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It  is  interesting  to  note  that  the  teraperaturo 
dependence  of  <r  ^  soons  to  increase  with  increasing  zinc 
content  (see  figure  l),  Fvirther  data  on  this  would  bo  most 
desirable;  a  possible  explanation  could  be  that  intersection 
of  dislocations  becomes  more  difficult  as  the  separation 
between  partial  dislocations  increases.  The  higher  activation 
energy  associated  with  constricting  the  stacking  fault  before 
intersection  no  doubt  leads  to  a  greater  temperature  dependence 
of  the  stress  necessary  for  intersection. 

Correlation  between  meelionical  proportios  and  slip^line-spacing. 

Figure  3  shows  the  results  of  past  work  on  slip  line 
spacings,  in  the  form  of  ogive  plots  of  the  sunned  number  of 
slip  line  spacings  up  to  any  value  s;  versus  the  spacing  s. 

The  figure  shows  that  for  the  copper  specimen  most  of  the  linos 
occurred  at  a  spacing  of  about  30oS,  corresponding  to  the 
“elementary  structure”  of  Kuhlnann-Wilsdorf^.  Whereas  there 
are  still  many  slip  linos  with  a  300S  spacing,  there  are  also  many 
lines  at  higher  spacings,  and  this  trend  continues  as  the  zinc 
content  Increases,  It  is  implicit  in  figure  3  that  as  well 
as  the  slip  lines  at  higher  zinc  content  being  more  widely 
spaced,  there  are  fewer  lines.  Since  the  spocinons  have  under¬ 
gone  comparable  strains,  this  moans  that  each  line  has  contributed 
more  shear  and  is  deeper  than  the  copper  slip  linos.  This  is 
clearly  visible  on  electron  micrographs  of  slip  lines  in  the 
brasses.  The  CTowth  of  such  slip  linos  has  boon  studied  in 
detail  in  an  80/20  brass  by  Fourie  and  Wilsdorf,^ 

To  summarise  the  slip  line  spacing  results,  the  fine 
slip  in  copper  is  replaced  in  brass  by  fewer  slip  lines  with 
much  greater  spacing  and  depth,  and  with  a  more  random  spacing 
distribution  as  tho  zinc  concentration  increases.  Taking  the 
half  height  of  the  ogive  curves  as  a  measure  of  the  change  in 
slip  line  structure,  about  ]/3  of  the  change  has  taken  place 
in  a  5^  zinc  alloy  and  more  than  Tj'i  of  the  total  change  has 
taken  place  in  a  15$  zinc  alloy.  Comparing  this  with  the  change 
in  mechanical  properties,  one  sees  that  the  rapid  increase  in 
ky  and  decrease  in  CTi  occurs  also  in  the  first  5  to  10$  of 
zinc  in  solid  solution.  This  is  also  the  concentration  range 
where  the  stacking  fault  energy  is  changing  rapidly,  and  this 
effect  could  be  strongly  related  to  an  increased  Suzuki  locking 
(increased  ky)  and  a  decrease  in  CTi  as  explained  above. 


The  break-up  of  the  "elementary  structure"  seen  in  the  slip 
line  spacing  work  could  therefore  be  ascribed  to  the  same  solid 
solution  hardening  mechanisms  which  change  cTi  and  ky,  with 
the  stacking  fault  energy  playing  an  important  part  in  the 
hardening,  Tlie  picture  which  emerges  is  one  where  segregation 
of  zinc  to  stacking  faults  in  zinc  gives  a  locking  mechanism 
with  a  weak  temperature  dependence.  Stacking  faults  become 
larger,  both  because  of  a  decrease  in  the  stacking  fault  energy 
and  because  solute  segregates  to  them.  Smaller  numbers  of 
dislocation  sources  are  likely  to  operate  as  tlie  locking  increases 
and  an  unlocked  source  produces  large  numbers  of  dislocations 
and  therefore  a  deep  slip  step.  Where  a  leurge  internal  stress 
concentration  does  exist,  it  would  be  likely  to  unlock  a  group 
of  sources  on  closely  spaced  slip  pianos,  and  thus  the  appearance 
of  clusters  of  slip  lines  (a  slip  band)  in  the  brasses,  is  not 
surprising, 

5,  CONCUJSIQMS 

The  temperature  independence  of  ky  points  to  the 
conclusion  that  Suzuki  locking  controls  the*^ initial  yielding 
of  brasses  containing  more  than  1  Vo  ovqt  most  of  the 
temperature  range  25°C  to  -196°C,  A  tentative  explanation  of 
the  Initial  decrease  in  with  increasing  zinc  content  is 
that  the  tendency  towards  easy  glide,  as  the  zinc  content  is 
increased  in  brass  polycrystals,  effectively  reduces  the  density 
of  forest  dislocations  cut  by  glide  dislocations.  The  major 
change  in  spacing  of  slip  lines  with  the  zinc  content  of  a  brass 
is  attributed  to  the  same  solid  solution  hardening  mechanism 
as  is  responsible  for  the  increase  in  ty, 

6,  RECOMMENDATIONS  FOR  FURTHER  WORIi 

It  would  be  valuable  to  confirm  the  present  results 
on  mechanical  properties  by  testing  alloys  of  intermediate 
compositions.  These  alloys  are  already  in  a  suitable  form  for 
testing.  Further,  it  would  be  revealing  to  medee  measurements 
of  ky  and  C'^  at  temperatures  greater  than  25°C,  At  sufficiently 
highi  temperatures  dislocation  locking  mechanisms  become  Ineffective, 
The  way  in  which  this  strength  is  lost  at  high  tomporature 
could  provide  further  evidence  on  the  type  of  solid  solution 
hardening  which  occurs  at  low  temperatures,  and  at  the  same  time, 
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data  could  be  colloctod  to  olucldato  tho  solute  hardening 
mechanisn  at  high  tonperaturc.  Suggested  future  work  has 
been  given  in  detail  in  a  proposal  for  ronewel  of  Contract 
r A-9I-591-EUC-I625,  datod  28th  August,  1961. 

PERSONNEL 

Tho  invest igatiou  has  been  carried  out  by 
Dr.  J.T.Barnby  assisted  in  tho  experimental  work  by 
Mr,  M.W.H.Gillham,  under  the  general  supervision  of 
Mr,  G.B, Brook, 

SUMMARY  OF  COSTS 

The  approximate  nan-hours  oxpondod  on  this  contract 

wore  1256, 

The  cost  of  materials  expended  was  £195»7s,4d. 

No  important  items  of  equipment  wore  obtained  at 
direct  contract  expense. 
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